Objective. To compare clinical effectiveness between tocilizumab and tumor necrosis factor inhibitors (TNFi) in patients with rheumatoid arthritis (RA) and inadequate response to conventional synthetic disease-modifying antirheumatic drugs initiating biologic therapy. Methods. Patients prescribed tocilizumab (intravenous) or TNFi were prospectively observed in routine clinical practice for 52 weeks across 158 sites in 26 countries. The primary observation was the change from baseline in Disease Activity Score based on 28 joints using the erythrocyte sedimentation rate (DAS28-ESR) at week 24 using analysis of covariance for betweengroups comparison. Secondary end points included Clinical Disease Activity Index (CDAI) and patient-reported outcomes at weeks 24 and 52. Results. Of 1,216 patients, 35% initiated tocilizumab and 65% initiated TNFi. RA duration was shorter, and disease activity and corticosteroid use were higher in tocilizumab patients. Tocilizumab-treated patients had greater improvement in DAS28-ESR at weeks 24 and 52 (week 24 difference [95% confidence interval] in adjusted means: 20.831 [21.086, 20.576]; P < 0.001). Change from baseline in CDAI was also greater with tocilizumab (adjusted means difference: week 24, 23.48; week 52, 24.60; both P < 0.001). Tocilizumab-treated patients had more improvement in the Health Assessment Questionnaire disability index than TNFi-treated patients (P < 0.05). The cumulative probability of drug discontinuation at week 52 was lower with tocilizumab (15%) than TNFi (27%; P < 0.001, unadjusted analysis). Unadjusted frequencies (events per 100 patient-years) for tocilizumab and TNFi were 6.44 and 11.99 for serious adverse events, 1.98 and 5.03 for serious infections, and 0.74 and 0.77 for deaths, respectively. Conclusion. Patients initiating tocilizumab experienced greater effectiveness and drug survival than those initiating TNFi in an observational setting.
INTRODUCTION
Current American College of Rheumatology (ACR) and European League Against Rheumatism guidelines recommend initiating treatment with biologic disease-modifying antirheumatic drugs (DMARDs) in patients with rheumatoid arthritis (RA) who have not responded to conventional synthetic DMARDs (csDMARDs) or who have high disease activity and features of poor prognosis (1, 2) . Many biologic agents are available for the treatment of RA; tumor necrosis factor inhibitors (TNFi), abatacept, and the interleukin-6 (IL-6) receptor a inhibitor tocilizumab are recommended; under certain circumstances, rituximab may be used (2) . However, evidence is lacking regarding which biologic agents should be used and in what sequence.
Only a few head-to-head clinical trials comparing biologic agents in patients with RA have been conducted to date. The randomized controlled phase IV ADACTA trial in patients with RA who were intolerant of methotrexate or for whom continued therapy with methotrexate was inappropriate demonstrated superiority of tocilizumab monotherapy over adalimumab monotherapy for change in the Disease Activity Score in 28 joints using the erythrocyte sedimentation rate (DAS28-ESR) from baseline to week 24. More tocilizumabtreated than adalimumab-treated patients achieved remission according to the DAS28-ESR (DAS28 ,2.6) and the Clinical Disease Activity Index (CDAI #2.8) (3). The phase IIIb AMPLE (Abatacept versus Adalimumab Comparison in Biologic-Naive RA Subjects with Background Methotrexate) trial demonstrated similar clinical efficacy and inhibition of radiographic progression between abatacept and adalimumab in combination with methotrexate in patients with RA who had an inadequate response to methotrexate (4) . Rituximab was noninferior to TNFi treatment for change in the DAS28-ESR in the open-label ORBIT (Optimal Management of RA Patients Who Require Biologic Therapy) trial in patients with RA who had an inadequate response to csDMARDs (5) . Comparison of effectiveness and drug survival between tocilizumab and TNFi in RA is limited to indirect comparison of clinical trial data and small observational studies (6) (7) (8) (9) .
The current study (ACT-iON) is the first prospective, largescale, global, multicenter, comparative effectiveness study comparing initiation of intravenous tocilizumab with initiation of a TNFi in patients with RA as the first-line biologic agent treatment after an inadequate response to csDMARDs in a real-world, clinical practice setting. Biologic therapy may be initiated in combination with csDMARDs or as monotherapy in clinical practice according to the decision of the treating physician; this study provides an opportunity to compare tocilizumab and TNFi therapy in combination with csDMARDs.
PATIENTS AND METHODS
Study design. ACT-iON was conducted at 158 sites in 26 countries (ClinicalTrials.gov: NCT01543503). Clinical effectiveness and safety outcomes of TNFi and tocilizumab were observed for 52 weeks of routine clinical practice after the initiation of the first biologic-agent therapy for the treatment of patients with RA. The study was observational; no additional diagnostic or therapeutic procedures were performed beyond routine clinical practice.
Patients. The study included adult patients with moderate to severe RA, defined according to 1987 ACR criteria (10), of at least 24 weeks' duration who were nonresponders or who were intolerant of csDMARD therapy and whose treating physicians decided to initiate treatment with a TNFi or with intravenous tocilizumab in accordance with the local label (tocilizumab was initiated at 8 mg/kg in all patients because the study was not conducted in the US or Canada, where the starting dose is 4 mg/kg [11, 12] ) as their first biologic agent. The study was conducted in compliance with the Declaration of Helsinki and Good Clinical Practice and with the institutional review board/ethics committee. Patients provided written informed consent.
Assessments. Data were collected between February 9, 2012 and February 20, 2015. Patients might have initiated treatment before study start because the enrollment visit could occur up to 6 weeks after initiation of the first biologic agent. The primary observation was the mean change from baseline in the DAS28-ESR at week 24. Secondary outcome measures included mean change from baseline in the DAS28-ESR at week 52, swollen joint count (SJC), tender joint count (TJC), remission rates according to the DAS28-ESR and CDAI, and patient-reported outcomes, including the Health Assessment Questionnaire disability index (HAQ DI). Safety was assessed throughout the study by monitoring adverse events (AEs), serious AEs (SAEs), abnormalities in laboratory assessments, and vital signs.
Statistical analysis. The initial target sample size was 2,000 patients, which was expected to provide 90% power to detect a between-groups difference of 0.3 DAS28 units. However, a slower than anticipated recruitment rate resulted in a final sample size of 1,225 patients, which was expected to provide a detectable difference of approximately 0.4 DAS28 units. Safety was assessed in the safety population (all patients who received $1 dose of a TNFi or tocilizumab). The primary effectiveness analysis population included all patients in the safety population administered their first biologic agent within 60 days after the previous RA disease activity measurement.
Missing values were not imputed for the primary analyses. Significance was determined as a P value less than 0.05 without correction for multiple testing. Differences in baseline characteristics were assessed using the Wilcoxon rank sum test or chi-square test. Estimation of the primary outcome in the 2 treatment groups was based on an analysis of
Significance & Innovations
To date, comparative efficacy of the interleukin-6 receptor a monoclonal antibody tocilizumab (TCZ) and tumor necrosis factor inhibitors (TNFi) for the treatment of rheumatoid arthritis has been investigated in a single head-to-head trial of TCZ monotherapy versus adalimumab monotherapy and network meta-analyses. This prospective, observational, comparative effectiveness study provides the first real-world evidence of effectiveness and persistence on treatment for patients who initiated TCZ compared with those who initiated TNFi in routine clinical practice, as measured by the Disease Activity Score in 28 joints using the erythrocyte sedimentation rate and the Clinical Disease Activity Index.
covariance (ANCOVA) model that included baseline DAS28-ESR as a covariate and concomitant csDMARDs and country as factors. Given the selection and channeling bias possible in observational studies (13, 14) , supportive analyses were performed for DAS28-ESR and CDAI change from baseline to week 24 using matched-pair analysis based on the propensity score. This was computed using multiple logistic regression based on all relevant and evaluable baseline covariates (see Supplementary according to the Kaplan-Meier method, and between-groups comparisons were performed based on the log rank test.
RESULTS
Patient disposition. In total, 1,216 patients initiated tocilizumab or TNFi therapy as their first biologic agent. Tocilizumab was initiated in 423 patients (35%) and TNFi in 793 patients (65%). The safety population was composed of the same 423 patients treated with tocilizumab and 793 patients treated with TNFi. The primary effectiveness population included 390 patients treated with tocilizumab and 693 patients treated with TNFi (see Supplementary Figure 1 and Supplementary Excluding 21 screen failures, 162 patients (13.3%) withdrew from the study overall: 75 (17.7%) among patients who initiated tocilizumab as a first biologic drug and 87 (11.0%) among patients who initiated TNFi. The most common reason was loss to followup, which occurred for 32 tocilizumab-treated patients (7.6%) and 36 TNFi-treated patients (4.5%). Nine tocilizumab-treated patients (2.1%) and 13 TNFi-treated patients (1.6%) withdrew because of AEs, 4 tocilizumabtreated (0.9%) and 16 TNFi-treated patients (2.0%) withdrew because of lack of efficacy, and 8 tocilizumab-treated (1.9%) and 10 TNFi-treated patients (1.3%) withdrew consent. Overall, 34 patients (2.8%) withdrew for other reasons; 22 (5.2%) of them received tocilizumab and 12 (1.5%) received TNFi.
Tocilizumab was initiated more often than TNFi as monotherapy (28.1% versus 16.0%; P , 0.001) ( Table 1) .
Baseline characteristics. Baseline demographics, disease characteristics, and concomitant therapies were only partially similar between the groups. Patients initiating tocilizumab had shorter mean 6 SD disease duration than patients who initiated TNFi (7.8 6 7.3 years versus 9.4 6 9.0 years; P 5 0.014). They also had a slightly higher mean 6 SD DAS28-ESR (5.8 6 1.1 versus 5.5 6 1.2; P 5 0.030) and SJC (9.0 6 6.2 versus 7.4 6 5.3; P , 0.001) and more frequent oral corticosteroid use (60.5% versus 46.5%; P , 0.001) than patients who started TNFi. Among combination therapy patients, the most common concomitant csDMARD at baseline was methotrexate (74.7% for tocilizumab-treated patients and 79.7% for TNFi-treated patients); in both groups, the median dosage was 15 mg/week ( Effectiveness. Patients who received tocilizumab as their first biologic agent had significantly more change from baseline in DAS28-ESR to week 24 (primary end point) and week Figure 1 . Adjusted mean change from baseline to weeks 24 (primary end point) and 52 in the Disease Activity Score in 28 joints using the erythrocyte sedimentation rate (DAS28-ESR; primary effectiveness population-all patients). Analyses were based on analysis of covariance models, with changes from baseline in DAS28-ESR at week 24 or 52 as dependent variables, country (week 24 analysis) and treatment as fixed effects, and DAS28-ESR at baseline as a covariate. 95% CI 5 95% confidence interval; TCZ 5 tocilizumab; TNFi 5 tumor necrosis factor inhibitor. [26.12, 20 .37] at week 52; all P , 0.05). Significantly higher proportions of tocilizumab- Figure 2 . Proportions of patients achieving remission at weeks 24 and 52 according to the Disease Activity Score in 28 joints using the erythrocyte sedimentation rate (DAS28-ESR), the Clinical Disease Activity Index (CDAI), and the Simplified Disease Activity Index (SDAI) criteria (primary effectiveness population-all patients; unadjusted analysis). * 5 P , 0.001 and † 5 P , 0.05 for tocilizumab (TCZ) vs. tumor necrosis factor inhibitor (TNFi; chi-square test). treated than TNFi-treated patients were in remission at week 24 according to DAS28-ESR (44.7% versus 29.7%; P , 0.001) and CDAI (22.4% versus 14.6%; P 5 0.015), but not SDAI (21.3% versus 15.7%; P 5 0.152). By week 52, significantly higher proportions of tocilizumab-treated than TNFi-treated patients had achieved remission according to all 3 measures (Figure 2 ). Propensity score (calculated using logistic regression analysis with treatment group as the dependent variable and baseline factors as covariates) matched-pair analysis produced results comparable to those of the primary ANCOVA analysis of mean change from baseline to week 24 in CDAI (mean 6 SD treatment difference 23.22 6 20.29; P 5 0.0480) (see Supplementary Table 6 , available on the Arthritis Care & Research web site at http:// onlinelibrary.wiley.com/doi/10.1002/acr.23303/abstract). There was a significant difference in improvement in patient-reported outcomes between patients who received tocilizumab and those who received TNFi as their first biologic agent, as demonstrated by a significantly greater decrease in HAQ DI and Functional Assessment of Chronic Illness Therapy fatigue scores at week 24 ( Table 2) .
Drug survival. Termination of initial biologic therapy was reported for 14.9% of patients who started tocilizumab and 27.4% of those who started TNFi; of these patients, 38.1% and 40.1%, respectively, terminated because of AEs and 23.8% and 48.8%, respectively, terminated because of lack of efficacy. It should be noted that patients could terminate their biologic-agent therapy but remain in the study or could withdraw from the study without terminating their biologic therapy. Drug survival analysis, in which observations for patients who completed the study on the initial biologic therapy and those who withdrew prematurely from the study without a biologic-agent discontinuation (e.g., patients lost to followup) were censored, showed that drug survival was significantly higher with tocilizumab than with TNFi (P , 0.001) (Figure 3) . The probability of tocilizumab discontinuation was 9% (95% CI 6%, 12%) by week 24 and 15% (95% CI 12%, 19%) by week 52. The cumulative probability of TNFi discontinuation was 15% (95% CI 13%, 18%) at week 24 and 27% (95% CI 24%, 30%) by week 52.
Safety. AEs and SAEs were reported in similar proportions and at similar rates per 100 patient-years in patients who started tocilizumab and patients who started TNFi (Table 3) . Infections and infestations were the most common AEs and SAEs in both groups; serious infections were reported in 8 (1.9% [8 events; 1.98 per 100 patientyears]) tocilizumab-treated patients and 26 (3.3% [39 events; 5.03 per 100 patient-years]) TNFi-treated patients (lower respiratory tract infection in 6 TNFi-treated patients and no tocilizumab-treated patients, pneumonia in 6 TNFi-treated patients and 2 tocilizumab-treated patients). Three patients in the tocilizumab group died (2 of pneumonia, 1 of cardiac failure), and 6 patients in the TNFi group died (1 of fecal peritonitis and multiorgan failure; 1 of surgical graft infection and 1 of sepsis; 1 of metastatic neoplasm and cerebrovascular accident; 1 of sepsis; 1 of metastatic neoplasm; and 1 of pneumonia and pericardial effusion). Two deaths from pneumonia (1 in each group) were deemed related to treatment, according to the investigator. Further details of the deaths can be found in Supplementary Table 7 , available on the Arthritis Care & Research web site at http:// onlinelibrary.wiley.com/doi/10.1002/acr.23303/abstract. Numeric differences were observed in the incidence of patients experiencing shifts in neutrophil counts, liver transaminase levels, or lipid profile parameters from normal at baseline to abnormal at week 24 or 52 between the treatment groups, but no difference was seen between weeks 24 and 52 for the individual treatment groups (Supplementary Table 8 Drug survival on tocilizumab (TCZ) and tumor necrosis factor inhibitor (TNFi) (safety population-all patients; unadjusted analysis) based on Kaplan-Meier curve of time to discontinuation of biologic agent therapy. Patients for whom a biologic agent was not discontinued were censored at the study day of termination. P values were based on log rank test.
DISCUSSION
This is the first large-scale, multinational, prospective study to present real-life data on the use and drug survival of firstline intravenous tocilizumab and TNFi initiated in RA patients with an inadequate response to csDMARDs. Reflecting the observational nature of the study, there were no predefined interventions; the decision to initiate tocilizumab or TNFi was not based on protocol but on a decision made between the physician and the patient.
Significantly greater improvement in the DAS28-ESR was seen at weeks 24 (primary end point) and 52 for patients who initiated tocilizumab as their first-line biologic agent compared with those who initiated TNFi. Since neither physicians nor patients were blinded to ESR or CRP results, there is a potential bias for overestimation of the effectiveness of tocilizumab influenced by changes in these markers of inflammation. Significantly greater improvement in CDAI was also observed for the tocilizumab group compared with the TNFi group. Calculation of the CDAI does not include the acute-phase reactants CRP or ESR, suggesting that DAS28 results were not solely influenced by the effect of inhibition of IL-6 signaling with tocilizumab on acute-phase reactants. Significantly higher proportions of tocilizumab- treated patients than TNFi-treated patients achieved remission according to CDAI criteria (CDAI #2.8) at weeks 24 and 52, but it should be noted that for SDAI remission (SDAI #3.3), which does include calculation of CRP, the difference between tocilizumab and TNFi was significant only at week 52. Data on physical function, pain, and fatigue, though sometimes available in a minority of patients, were also consistent with the observation of greater effectiveness of tocilizumab. Tocilizumab was initiated as monotherapy more often than TNFi; however, the small number of patients in the primary effectiveness population prevented meaningful analysis of its effectiveness as monotherapy compared with combination therapy. The effectiveness of tocilizumab monotherapy compared with TNFi monotherapy should be investigated in a larger patient cohort.
Comparison between results of the current study and the published literature should account for differences in patient populations, study designs, and patterns and durations of treatment. Nevertheless, effectiveness results observed with tocilizumab in reports from clinical practice support the results of our study. For example, in ACT-SURE, an openlabel study of csDMARD-inadequate responders treated with tocilizumab in clinical practice (15), 6-month CDAI and SDAI remission rates were 21.1% and 24.2%, respectively. In the current study, they were 22.4% and 21.3%, respectively. DAS28 remission rates in ACT-SURE (61.6%) were higher than in the current study (44.7%). Effectiveness data for TNFi agents are available from national registry databases. In the Consortium of Rheumatology Researchers of North America (CORRONA) registry, RA patients who started treatment with TNFi had a DAS28-ESR remission rate of 29.3% and a CDAI remission rate of 16.2% after 12 months (16). In the US Veterans Affairs Rheumatoid Arthritis (VARA) registry, the mean change from baseline in DAS28 after initiation of TNFi ranged from 20.77 to 21.20 (17) , which is consistent with the mean change in the current study. The CORRONA and VARA registries collect data from patients in the US, whereas the current study did not include US patients. ADACTA is the only head-to-head trial to date comparing tocilizumab with a TNFi (adalimumab); it demonstrated the superior improvement in DAS28-ESR over 6 months with tocilizumab. Network meta-analyses of randomized controlled trial data have also been performed to investigate relative efficacies of biologic therapies in patients with RA. Comparable ACR response rates have been found between tocilizumab and TNFi agents in combination with DMARDs (18) (19) (20) . DAS28 remission rates may be higher for tocilizumab than for abatacept, but this could be a result of the direct effect of tocilizumab on CRP levels (18) . These network meta-analysis results are in contrast to the results of the current study, which showed better effectiveness for tocilizumab than TNFi (primarily in combination with DMARDs) as measured by DAS28-ESR and CDAI. Given the conflicting results between the literature and the current study and the limitations of comparing studies with different trial designs in network meta-analyses, prospective randomized trials are needed before robust conclusions can be drawn.
Patients who initiated tocilizumab in the current study had higher drug survival rates than those who initiated TNFi, which may be related to differences observed in clinical effectiveness. The proportion of patients who remained on tocilizumab during this study (85.1%) is consistent with previously reported 6-month tocilizumab survival rates in clinical practice in the ACT-UP study (82.7%) (21) . Similarly, the proportion of patients who remained on TNFi (72.6%) was consistent with the proportion reported in the CORRONA registry after 12 months of TNFi therapy (72%) (16) . Comparison in an Australian health care database of biologic agents for the treatment of RA suggested that patients may be more persistent with tocilizumab and abatacept initiated as the first biologic-agent therapy than with subcutaneous TNFi agents. Combination therapy with methotrexate improved persistence with abatacept and subcutaneous TNFi but not with tocilizumab (22) .
The safety profiles of tocilizumab and TNFi were comparable to the safety profiles reported in clinical trials and clinical practice (15, 21, (23) (24) (25) (26) (27) (28) . A recent Japanese prospective cohort study (29) comparing the safety of tocilizumab and TNFi in clinical practice reported that the risks for SAEs and serious infections were not significantly different during the first year of treatment when adjusted for baseline covariates.
Results of this study should be interpreted with an understanding of the limitation of potential biases associated with observational studies, including channeling bias. Confounding was addressed in a set of analyses adjusting for potential response predictors, including propensity score-based matching. All these analyses supported the key findings of the study. Results of the propensity score-based matchedpair analyses were comparable to those of the primary analysis for both DAS28-ESR and CDAI. Among other limitations were the amount of missing data for the effectiveness analysis (likely because of the observational nature of the study), the fact that DAS28-ESR was not used systematically in all centers (some centers used CRP for the calculation of DAS28), and the fact that delayed initiation of a prescribed treatment might have contributed to the lack of data for some baseline variables. Nevertheless, supportive efficacy analyses using end points with fewer missing values, including DAS28-CRP and using imputation of missing data, provided comparable results.
In conclusion, patients in the ACT-iON observational study who initiated tocilizumab as their first biologic-agent therapy after failure of csDMARDs experienced better drug survival and better improvements in DAS28-ESR, SJC, CDAI, and physical function than those who initiated TNFi. Additional prospective randomized controlled trials may be required to confirm these findings.
